fallen significant since the immediate post-crisis years, a significant amount of resources has been committed in solving the liquidity problem in the public and private sectors in some troubled countries, as well as to create appropriate policy tools as a preemptive measure. At present, there is still no consensus in the literature on how current account and asset accumulation actually contributed to the problem in the first place (see, for instance, Chinn, Eichengreen, & Ito, 2011) . The question on how countries should manage their current accounts, stock of foreign exchange reserves and net foreign assets has therefore become an ever more challenging task to tackle in both the developed and emerging countries.
By and large, the recent discussions on net foreign assets are framed into the context of 'global imbalances,' 'sovereign wealth funds, ' and 'global saving glut.' 2 Yet, against these important discussions is a state of current understanding on any macroeconomic implications of net foreign asset accumulation, which remains a challenge in both the theoretical and empirical literature. Past studies examined the role of net foreign asset accumulation, taking it either as given with respect to other macroeconomic variables [for cross-country empirical evidence, see Lane and Milesi-Ferretti (2002) and Lane and MilesiFerretti (2004) ], or as an endogenous variable among several others [see for theoretical models and evidence of industrial countries in Masson, Kremers, and Horne (1994) , Cavallo and Ghironi (2002) , Ghironi, Iscan, and Rebucci (2008) ]. Related strands of the literature focus on the accumulation of foreign exchange reserves [see Aizenman and Riera-Crichton (2008) and Rodrik (2006) on the determinants and consequences of holding reserves] and current account adjustment [see Faruqee and Lee (2008) and Debelle and Galati (2007) on the global distribution and relationship with trade and financial integration]. Fig. 1A compares the size of net foreign asset relative to GDP between OECD group and developing countries. 3 While there is a large cross-country variation in the size of net foreign assets to GDP ratio, one distinct pattern is the significant growth of net foreign assets to GDP ratio of the developing countries in recent years. For instance, China's net foreign assets to GDP ratio increased from À6.9% in 1999 to +24.3% in 2010, with most of the net foreign assets accumulated in the form of foreign exchange reserves and new portfolio investment abroad. 4 The rise of net foreign assets/GDP is clearly evident in the case of 2 See for example Bernanke (2005) and Jen (2007) . 3 To take into account the country size, the net foreign assets/GDP series are weighted by each country's GDP in the group. 4 As of 2006, the position is about 20 percent of GDP. See also Dollar and Kraay (2006) where it is argued that a long-run forecast of China's NFA position is around 3-9 percent of its total wealth. developing countries from the late 1990s onwards, whereas the OECD countries have registered a gradual decline over the same period. From a theoretical point of view, the observed empirical pattern is quite surprising since the developing countries have relatively lower capital/labor ratio than the OECD countries, and thus the developing countries were supposed instead to be a net debtor as a group. Fig. 1B plots the capital/labor ratio (in thousands of 1996 international dollars) as of 1996 5 against the change in net foreign assets/GDP during 1996-2010. We can see that the relationship is rather weak or insignificantly negative, so unlike what the neoclassical growth theory would have predicted, low capital/labor ratio countries tend to accumulate net foreign assets at the same rate or even faster than the rest of the world. Motivated by the significant accumulation of net foreign assets in the developing countries and the lack of evidence on the macroeconomic implications of net foreign asset accumulation in the literature, we aim to empirically examine the relationship between net foreign assets and some key macroeconomic variables using a large sample of OECD and developing countries. We then provide a battery of statistics and estimations, taking into account the theoretical predictions. Using data over three decades, the empirical analysis summarizes several macroeconomic relationships and studies how the size of net foreign asset affects consumption, real exchange rate, and real interest rate in a cross section of countries.
Because of the structural differences across countries, we conduct the analysis for the whole sample of countries and for country groups such as OECD, G7, developing countries, and East Asia covering ASEAN and ASEAN plus China, Japan, and South Korea or the commonly known ASEAN+3. The disaggregation of countries into OECD and developing countries accounts for potential influences of income level and development threshold in the data. In the literature, net foreign assets of G7 have been studied extensively, for example Ghironi et al. (2008) , among others. Our paper adds Asia and less developed countries, highlighting not only its global importance, but also a presently growing economic cooperation worldwide. In relation to the net foreign asset accumulation, after the financial crisis in the late 1990s, several countries in Asia have established bilateral swap agreements.
6 Kohlscheen and Taylor (2008) note that this type of swap agreements tends to be associated with correlation of foreign exchange reserve accumulation, a significant part of net foreign assets in East Asia and developing countries. While our study is empirical in nature, we also take into account as much as possible all these relevant theories, policy and political economy considerations into the analysis. To preview our estimation results, we find that in the long run there is a convergence in the distribution of net foreign assets to GDP ratio across countries. However, macroeconomic adjustments found in our study tend to vary across OECD, G7, developing countries, and East Asia. Based on the benchmark estimation, in the presence of positive global real economic shocks, if a country raises its accumulation of net foreign assets to GDP by one standard deviation, this may lead to a higher level of consumption to GDP ratio by 0.02% per year and an appreciation of real exchange rate by 2% per year in the whole sample of countries. The consumption to GDP response is most responsive in G7 (+0.1 to +0.2% per year), while the response is negative and rather small in the developing countries (À0.02% per year), consistent with higher private saving rates of developing countries, especially in Asia. We also find that the resultant real exchange rate appreciation tends to be larger in the developing countries (+3% per year) compared to the OECD countries (0.2% per year), suggesting that real exchange rates in the developing countries may not be overvalued in the long term given the trend in the net foreign asset accumulation observed during the sample period.
The remaining of the paper is organized as follows. Section 2 discusses the relationships between the net foreign assets and macroeconomic adjustments based on theoretical and empirical considerations to be used in the econometric analysis. Section 3 presents the estimation sample and reports macroeconomic responses to net foreign asset accumulation in the data. Section 4 discusses the implications of our findings and concludes.
Related studies on net foreign assets and possible macroeconomic implications
This section first summarizes the theoretical associations between the size of net foreign assets and some key macroeconomic variables followed by a description on our empirical approach. Note that our focus is not on questioning whether a large level of net foreign asset is a source of instability per se [see Henderson and Rogoff (1982) ], but instead mainly on measuring the feedbacks between net foreign asset position and some macroeconomic adjustments across countries. To measure the size of net foreign assets, we use the most recent data based on Lane and Milesi-Ferretti (2007) : net foreign asset position at time t is calculated from its initial position plus cumulative current account balance and cumulative net capital gain on country's cross-border positions.
7 Essentially, net foreign assets accumulated in each period differ from the current account balance by the size of capital gains or valuation change; a country's net foreign asset position is critically sensitive to asset price valuation and exchange rate movements. While it is beyond the scope of this paper to account for 5 See Caselli and Feyrer (2007) for a detailed estimation of capital to labor ratio across countries. 6 The agreement is the on-going effort to establish a self-managed reserve pool by multilateralizing the bilateral swaps under the Chiang Mai Initiative in 1999. The objective is to manage short-term liquidity among the country members in the event of financial crisis, particularly when resources of international organizations (i.e. IMF) are committed to other countries. For studies on the crises and management of international reserves, see for example Aizenman, Lee, and Rhee (2007) and Edwards (2009). 7 Note that the initial positions are based on the estimates in Sinn (1990) .
such sensitivity, the measurement issue has important implications. As suggested by Milesi-Ferretti (2009) and Curcuru, Dvorak, and Warnock (2008) , the current account deficits of the U.S. may be overestimated by as much as 0.6% per year when different measurement of net financial inflows is used.
8
Theoretically, the size of net foreign assets in macroeconomic adjustment process can either be exogenous or endogenous. For instance, Lane and Milesi-Ferretti (2002) take the size of net foreign assets as an exogenous variable and provide some evidence on how the size of net foreign assets influences trade balance and real exchange rate. According to Lane and Milesi-Ferretti (2002) , positive steady state net external asset position in a country allows the country to run persistent trade deficits and hence exchange rate appreciation. Conversely, a country with negative net foreign assets has to run trade surpluses to service its external liabilities, thereby requiring its exchange rate to depreciate. If a country with negative net foreign assets has large economic growth and/or realized returns on its foreign assets that are higher than the payouts on its foreign liabilities, these favorable conditions could then translate into a smaller trade surplus required to stabilize its negative net foreign asset position.
Alternatively, Masson et al. (1994) , Cavallo and Ghironi (2002) , Ghironi et al. (2008) , and Ghironi (2008) consider net foreign asset as an endogenous variable in the macroeconomic adjusting process. For example, Ghironi et al. (2008) examine how the consumption dynamics in the G7 countries is related to a country's size of net foreign assets, when net foreign assets are endogenously determined. In this account, global economic system comprises countries with different discount factors, giving rise to non-zero steady-state net foreign assets. As a result, there are gains from asset trade due to different discounting of future utility across countries. In response to positive global productivity shocks, the relatively patient country accumulates assets and its per capita consumption rises.
Our empirical approach nests together the macroeconomic variables based on the abovementioned studies. We provide a battery of statistics and regressions to study the adjustment of consumption, real exchange rate, and real interest rate, considering net foreign asset position as endogenously determined, and examine how these macroeconomic variables adjust in the presence of global economic shocks. In proceeding to the analysis, one issue is whether we should normalize net foreign asset position by aggregate output or GDP (as in Lane & Milesi-Ferretti, 2002) , or by population (as in Ghironi et al., 2008) . Because the current account sustainability is related in part to the economy size, 9 we normalize net foreign asset and consumption series by GDP. Our hypothesis is whether, in the presence of positive global economic shocks, a net foreign asset accumulation of relatively more patient country is associated with its consumption to GDP ratio, increasing more slowly with its real exchange rate appreciating more quickly. 10 Empirical tests are performed on 66 countries in which we have the data, as well as separately on several country groups, including OECD, G7, developing countries, ASEAN, among others.
Estimating macroeconomic adjustment to net foreign asset accumulation

Sample
Subject to data availability, we collect the information on relevant macroeconomic covariates. The collection of data covers 177 countries, spanning 1981-2010. 11 The data are at annual frequency based on various statistical sources: net foreign assets from the External Wealth of Nations database (Lane & Milesi-Ferretti, 2007) and International Investment Positions (IMF); consumption, real exchange rates, real interest rates, trade balance, fiscal balance, GDP, age dependency from World Development Indicators (World Bank); GDP growth and population growth from World Economic Outlook (IMF); global real economic activity shocks from Kilian (2009) ; and S&P500 implied volatility from Chicago Board Options Exchange.
8 See also Gourinchas and Rey (2007) on the relationship between current accounts (flow) and the net foreign assets (stock), as well as Helbling, Batini, and Cardarelli (2008) . 9 Aizenman and Sun (2010) find that, with the exception of the US, the length of current account deficit spells is negatively related to the relative size of the countries' GDP. 10 These considerations are also drawn from the literature on the current account sustainability, including for example Boileau and Normandin (2008) Table 1 reports for each time period the group averages (GDP weighted) of the macroeconomic variables. After constructing lags for the variables of interests (net foreign asset to GDP ratio, consumption to GDP ratio, real exchange rate, and real interest rate), we keep countries with at least 10 annual observations. 66 countries pass this filtering for the empirical analysis. The marked trend is the decline of net foreign assets to GDP of the OECD and G7 countries, while the trend is increasing for the developing countries as discussed earlier in Fig. 1 , driven mainly by China, Japan, and South Korea. When the US is excluded from the G7 group, the trend of the net foreign assets to GDP ratio is increasing over this period. For the ASEAN countries, while the net foreign assets to GDP ratio stays negative for a large span of the sample period, this ratio has turned positive in the 2000s. Real exchange rate appreciation is also observed in Asia driven by high GDP weights of the plusthree countries in this grouping. Real interest rates have in general declined in the 2000s, reflecting the great moderation in the first half of the decade. 12 The patterns of these macroeconomic variables suggest that each country group experiences a unique adjustment of its own, influenced by structural differences, economy size, level of income and development threshold. As a result, we attempt to account for these structural differences using various estimation techniques and alternative specifications, and present the estimation results by different country groupings. Table 2A reports the correlations of the variables in our sample. These correlations are based on de-trended macroeconomic series. Note that given the data are at annual frequency in an unbalanced panel, we proceed with a simple linear de-trending. The correlations are first calculated for each country pair in the corresponding regional group, and then 12 We have also examined the mean of these variables for fixed and flexible exchange rate countries. Consumption/GDP ratio tends to be more volatile under the fixed exchange rate regimes, whereas the opposite applies to net foreign assets to GDP ratio and real interest rates. However, the preliminary statistics suggest no distinct pattern on the macro dynamics between the two groups. Nonetheless, while beyond the scope of this study, the effects of exchange rate regimes, and possibly inflation targeting on the accumulation of net foreign assets warrant further analysis. See also Chinn and Wei (2008) for a case of current account adjustments. The challenge, however, is to categorize countries according to their exchange rate flexibility across time periods.
averaged. As discussed in Section 2, consumption to GDP ratio, real exchange rate, and real interest rate are all potentially associated with net foreign assets to GDP ratio. To empirically examine whether these correlations are the product of regional economic interdependence such as a 'de-coupling' debate in Kose, Otrok, and Prasad (2008) , Table 2B provides the cross-correlation of these variables for each country group. As shown, the cross-correlation of net foreign assets to GDP ratio is higher and positive in ASEAN+3, particularly among China, Japan, and South Korea, than we can observe in other country groups. After the 1997 Asian financial crisis, Asian countries have established various bilateral swap agreements, which may help explain this pattern. Kohlscheen and Taylor (2008) provide some evidence that these swap agreements take into account the correlation of foreign reserve level among the participating members. We also note that the crosscorrelations of consumption are small for all the country groups, seemingly consistent with the notion of international consumption correlation puzzle [see Backus, Kehoe, & Kydland, 1992] . Higher correlations of real interest rates among the OECD countries and among the ASEAN countries may reflect a tighter financial integration between countries in these regional groupings.
Empirical specification
Our empirical analysis proceeds first with a baseline adjustment of net foreign assets to GDP ratio, consumption to GDP ratio, real exchange rate, and real interest rate, all considered as endogenously determined in a system over the sample period. We then introduce real and financial shocks at a global level, in order to measure the influence that net foreign assets to GDP has on other macroeconomic variables in the presence of these global shocks. Essentially, we want to understand whether macroeconomic responses in the presence of global economic shocks are dependent on the level of net foreign assets to GDP ratio in the data. We consider two global economic shocks: a real shock and a financial shock. For the real shock, we use the global real economic activity shock of Kilian (2009) ; this index is a measure of worldwide real economic activity in global industrial commodity markets. For the financial shock, we use S&P500 implied volatility index, compiled by the Chicago Board of Exchange (CBOE) 13 ; this index measures the expectation of volatility in the financial markets over the next 30-day period. As shown in Fig. 2A , negative global real shocks can be observed throughout the 1980s and the 1990s, whereas the 2000s witnessed positive shocks that began from 2002 onwards. For the financial shocks, we can see in Fig. 2B that the late 1980s, late 1990s, and late 2000s were dominated by high global volatility. In the data, we find that these global shocks are contemporaneously and negatively correlated for most of the periods. 14 To purge out cyclical variation in macroeconomic variables, we de-trend the macro series in our sample. In order to verify that all variables in our estimation have the same order of integration, we apply panel unit root test of Maddala and Wu (1999) to net foreign assets to GDP ratio, consumption to GDP ratio, real exchange rate, and real interest rate series, and apply 13 Instead of VIX, which is frequently followed in the media, we use a related VXO index, which has a longer time span for our empirical analysis. 14 Similar finding is found at the monthly frequency.
Phillips-Perron test to the global real and financial shocks series. 15 Table 3 reports the p-values of the tests under the null of unit root. As shown, the global real and financial shock series appear to be non-stationary at 5% level, so we use the firstdifference of these two variables (which are stationary, as reported in the second column of Table 3 ) in our formal estimation. Let B t denote net foreign asset to GDP ratio at time t, C t consumption to GDP ratio, Q t real exchange rate, R t real interest rate, and Z t global shock. We consider the following multivariate regression:
where Y i t ¼ fB t ; C t ; Q t ; R t g and F i j is a set of country fixed effects. This estimation is closely related to a vector autoregression (VAR), being applied in a panel. The multivariate system regresses each of the dependent variables on the same set of lagged regressors and imposes a constraint that their coefficient estimates do not differ across panels. This way, our specification considers all the variables as endogenously determined and allows not only persistence in the macro time-series, but also cross-country difference in the data. Table 4 reports our baseline estimation for the whole sample of countries. We find that net foreign assets to GDP has a positive association with its own lag, suggesting the persistence of the series; similar persistency can also be found in all the other three variables. As shown in the table, lagged net foreign assets to GDP is positively associated with real exchange rate appreciation. As a macroeconomic adjustment in countries with positive net foreign assets (net creditor) may differ from countries with negative net foreign assets (net debtor), panels A and B of 15 We use Maddala-Wu test since it does not require a balanced panel data as the Im, Pesaran, and Shin (2003) and Levin, Lin, and James Chu (2002) tests.
Estimation results
Panel A of
Based on the p-values of individual unit root tests, this test assumes that all series are non-stationary under the null hypothesis against the alternative that at least one series in the panel is stationary.
plotting empirical distribution of net foreign assets to GDP for the 5-year average from 2006 to 2010. While negative net foreign asset positions may not constitute an independent source of macroeconomic instability [Henderson & Rogoff, 1982] , a few countries with very large negative or positive positions should be considered outliers. To verify these potential extreme observations, panel C of Fig. 3 also plots the kernel density estimates of the cross-sectional distribution for each time period.
We can see a medium-run decline in the dispersion net foreign assets to GDP from the 1980s to early 2000s. The kernel density is similar to that of a normal distribution, and majority of the sample observations are within the [À50%, +50%] boundary. 16 These figures provide supportive evidence that our sample of net foreign assets to GDP is representative in terms of the net foreign asset position across countries over the study period. Next, our estimation takes into account a difference between positive versus negative net foreign assets to GDP across countries. Panel B of Table 4 reports coefficient estimates using net foreign assets to GDP of 0 as a cutoff. Focusing on the effects of the lagged net foreign assets to GDP on the other three variables, the difference of coefficient estimates between net creditors and net debtors shows up significantly in the case of consumption to GDP ratio and real exchange rate appreciation. For both net creditors and net debtors, an increase in net foreign assets to GDP ratio is positively associated with real exchange rate appreciation. Interestingly, the increase of net foreign assets to GDP raises consumption to GDP only for net debtors, the finding which is consistent with a notion that creditor country tends to be more patient in terms of consumption than the debtor country. We now introduce the global economic shocks into our system of estimation. This allows us to examine how the macroeconomic adjustments in the presence of the global shocks are dependent on the position of net foreign assets to GDP. Table 5 reports our main results, tabulating coefficient estimates of lagged net foreign assets to GDP for the entire sample and across country groups. Using the global real shocks in our estimation, we find that the accumulation of net foreign assets to GDP is positively associated with consumption to GDP for OECD, G7 excluding the U.S., China, Japan, South Korea group, and net debtor countries. For the real exchange rate appreciation, its positive association with net foreign assets to GDP accumulation is found for the whole sample, developing countries, and non-extreme observations.
Although we find that macroeconomic variables in OECD, G7, developing countries and ASEAN display different dynamics in the presence of global shocks, some patterns have also emerged from the data. By and large, the accumulation of net foreign assets is associated with lower consumption and appreciation of real exchange rate in the countries studied. For the real interest rate, we do not detect any significant association with the net foreign assets to GDP. 17 In terms of inter-temporal adjustment, a country with a large level of negative net foreign asset position relative to its GDP (debtor country) must eventually service its liabilities by running trade surpluses, which requires real exchange rate depreciation; this adjustment process may take place through a depreciation of nominal exchange rate and/or a lower domestic price level relative to foreign prices. On the other hand, a creditor country may run trade deficits, which results in real exchange rate appreciation. Qualitatively, the empirical evidence seems to be consistent with the theoretical explanation.
To gauge the economic significance of our coefficient estimates, we calculate the extent to which consumption and real exchange rate are influenced by net foreign assets to GDP. We look at the effect of a one-standard deviation increase in net C. Distribution of detrended NFA/GDP in three sample periods [ ( F i g . _ 4 ) T D $ F I G ] foreign assets to GDP on these two variables and report our calculation in Fig. 4 . Based on the coefficient estimates in Table 5 , the economic significance of net foreign assets to GDP accumulation is calculated by multiplying its coefficient estimate on real exchange rate and consumption by its one standard deviation. We repeat this calculation for each country groups accordingly. For instance, the whole sample's coefficient estimate of net foreign assets to GDP on real exchange rate is 0.116; one standard deviation of net foreign assets to GDP is 0.167, or 16.7 percent of GDP; therefore the economic significance of one-standard deviation increase of net foreign assets to GDP on real exchange rate is 0.116 Â 0.167 = 0.019, or about 2 percent annually. We can see that the economic significance of net foreign asset accumulation on real exchange rate is strongest on the developing countries, and a group of large countries in Asia (China, Japan, South Korea). The economic significance of net foreign assets to GDP on consumption to GDP is largest in G7 and the OECD countries, but much smaller in other country groups.
A distinct pattern in our findings is that the net foreign assets to GDP effect on the real exchange rate appreciation is the most economically significant in countries with positive net foreign asset position. We find that the accumulation of net foreign assets to GDP by a further one-standard deviation is associated with 1.2 percent annual real appreciation for the creditor country, whereas it is only 0.2 percent for the debtor country. The economic significance of net foreign assets to GDP on consumption to GDP portrays a rather different picture: increasing net foreign assets to GDP by one standard deviation raises consumption to GDP by 0.3 percent annually for the debtor country, but only 0.14 percent for the creditor country. Since our estimation is done on an annual basis, adding up these effects of net foreign assets to GDP over a decade implies a non-negligible macroeconomic adjustment that is both quantitatively and economically significant across countries.
Concluding remarks
This study analyses the relationship between net foreign asset accumulation and the adjustment of consumption, real exchange rate, and real interest rate. Our sample focuses on OECD, G7, developing countries, and East Asia, over the 1980-2010 periods. On average, we find that the accumulation of net foreign assets to GDP is associated with lower consumption to GDP and larger real appreciation. Based on our baseline estimation, in the presence of positive global real economic shocks, if a country raises its accumulation of net foreign assets to GDP by a one-standard deviation, this is associated with a higher level of consumption to GDP by 0.02% per year and an appreciation of real exchange rate by 2% per year in the whole sample of countries. Consumption to GDP responds more positively in G7 (+0.1 to +0.2% per year), while the response is negative and rather small in developing countries (À0.02% per year). The adjustment of real exchange rate appreciation tends to be large in developing countries (+3% per year) but relatively smaller in OECD (0.2% per year).
Possible extension may delve further into the accumulation of net foreign assets by types of the financial assets, e.g. portfolio investment and others, considering also a contemporaneous correlation between domestic financial markets and the global capital markets. 18 It would also be useful to also look into the role of economic size, the informal sector, population composition (total and working age), private and public net foreign assets (i.e. sovereign wealth funds), as well as the role of flexible and fixed exchange rate regimes (i.e. the Euro area, dollarization) on the correlation between macroeconomic adjustment and the accumulation of net foreign assets across countries.
